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R) head having

a stress buller for reducing the stress on a near-field trans-
ducer during thermal expansion and methods for fabricating

the

EAMR head are provided. The |

HAMR head includes a

waveguide, a near-field transducer (NFT) configured to
receive optical energy from the waveguide, and a cladding of

side wall of the opening.

ABS

31 Claims, 8 Drawing Sheets

the waveguide has an opening. The NFT 1s positioned within
the opening, and an air gap 1s formed between the NFT and a
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Form a first cladding (e.g., bottom cladding)
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Form a spacer on the waveguide core —
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Form a near field transducer (NFT) on the
spacer ;
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Form a second cladding (e.g., top cladding) on

the waveguide core, the second cladding ’

having an opening, where the NFT is positioned
within the opening

l

Form an air gap positioned between the NFT —°
and a side wall of the opening
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STRESS BUFFER FOR NEAR-FIELD
TRANSDUCER IN ENERGY ASSISTED
MAGNETIC RECORDING AND METHODS
FOR FABRICATING THE SAME

FIELD

Embodiments of the present invention relate generally to
components of magnetic storage devices, and more specifi-
cally to a stress builer for a near-field transducer in energy
assisted magnetic recording and methods for fabricating the
same.

BACKGROUND

With current perpendicular magnetic recording technol-
ogy, the magnetic recording areal density of magnetic record-
ing media (e.g., hard disc platters) has been increased signifi-
cantly and approaches the physical upper limit due to the
superparamagnetic eil

ect. Although magnetic materials with
higher coercivity such as FePt, CoPd, etc. have been devel-
oped, these materials generally have poor writability due to
availability of wrniting field as a result of saturation of the
writing head. Energy assisted magnetic recording (EAMR ) or
heat assisted magnetic recording (HAMR) technology has
been developed as a solution to circumvent the writeability
problem and further increase the data areal density to 1 That/
in” and beyond.

In an EAMR system, a near-field transducer (NFT) directs
a concentrated field into an adjacent recording medium. Once
the medium absorbs the energy of the field, the temperature of
the medium increases at a preselected local spot for record-
ing. A waveguide couples light of a preselected wavelengtd
from a light source and focuses the light near the NFT such
that the NF'T can strongly couple the light energy from the
waveguide and form a local surface plasmon. The NFT 1s a
strong absorber of light at resonant status assisted by the
surface plasmon efiect, and 1s capable of concentrating the
light energy to a very small area (e.g., 40 nm). Therefore, the
NF'T functions as a relay to deliver the concentrated energy to
a recording layer of the medium which can be located several
nanometers away from the NFT within the near-field zone.

When the recording medium 1s heated up, it becomes mag-
netically soft to allow a writing field to tlip the bit data 1n this
small heated area to the desired bit. Due to the resonant
coupling of light energy from the waveguide to the NFT, the
temperature of the NF'T can become very high, even close to
its melting point 1n the worst case. Even if the temperature of
the NET 1s kept below the melting point, elastic expansion or
thermal expansmn can cause a protrusion of the NFT (e.g.,
from an NFT plIl or an NFT disk) to the air bearing surface
(ABS), which 1s covered by a thin layer of diamond-like
carbon (DLC). Therefore, proper handling of the thermal
expansion of the NFT can increase the amount of light power
that can be utilized and the lifetime of the EAMR system.

SUMMARY

According to embodiments of the present invention, the
stress experienced by a near-field transducer (NFT) of an
energy assisted magnetic recording head can be reduced by
forming one or more stress bullers at locations adjacent pre-
selected portions of the NF'T. The stress butler provides an air
gap between the NFT and the adjacent dielectric matenal so
that the NFT can expand into the space of the air gap during,
thermal expansion.
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An embodiment of the present invention provides an
energy assisted magnetic recording (EAMR) head. The
EAMR head includes a waveguide, a near-field transducer
(NFT) configured to receive optical energy from the
waveguide, a cladding of the waveguide having an opening,
wherein the NET 1s positioned within the opening, and an air
gap 1s positioned between the NFT and a side wall of the
opening.

An embodiment of the present invention provides a method
of {fabricating an energy assisted magnetic recording
(EAMR) head. The method includes forming a first cladding;;
forming a waveguide core on the first cladding; forming a
spacer on the waveguide core; forming a near field transducer
(NFT) on the spacer; forming a second cladding on the
waveguide core and the second cladding having an opening,
wherein the NFT 1s positioned within the opeming; and form-
ing an air gap positioned between the NFT and a side wall of
the opening.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and aspects of the present
invention will become more apparent by describing 1n detail
embodiments thereof with reference to the attached drawings
in which:

FIGS. 1A and 1B are plan view and cross-sectional view,
respectively, illustrating a near-field transducer (NFT') with a
stress buller of an energy assisted magnetic recording
(EAMR) head according to an embodiment of the present
imnvention;

FIGS. 2A and 2B are plan view and cross-sectional view,
respectively, illustrating a near-field transducer (NFT') with a
stress butler of an EAMR head according to another embodi-
ment of the present invention;

FIGS. 3A through 30 are drawings for illustrating a pro-
cess of fabricating an NFT with a stress butler according to an
embodiment of the present invention; and

FIG. 4 1s a flowchart 1llustrating a method of fabricating an
NFE'T with a stress butifer for an EAMR head according to an
embodiment of the present invention.

DETAILED DESCRIPTION

In an energy assisted magnetic recording (EAMR) system,
an EAMR head includes a near-field transducer (NFT) that
receives light from a waveguide and focuses the light to a
nano-sized highly concentrated optical spot such that suifi-
cient energy can be delivered to an adjacent magnetic
medium to achieve EAMR writing. The reliability ofthe NFT
will directly affect the lifetime of the EAMR head (or slider).
During operation, the NF'T exhibits thermal expansion and
may even show plastic deformation resulting from the local-
1zed heating of the NFT. As aresult, the NF'T may protrude out
of an air bearing surface (ABS). The protrusion can spoil the
head-disc intertace (HDI) and scratch the medium, and even-
tually, the system will experience breakdown.

According to various embodiments of the present mven-
tion, one or more stress butlers are provided adjacent the NFT
such that the stress caused by the thermal expansion of the
NFT can be reduced or alleviated. In several embodiments,
the stress buller 1s an air-gap that 1s deliberately introduced to
surround a preselected portion of the NFT to release the
thermal mechanical stress of the NFT, and thus the protrusion
to the ABS can be reduced or even avoided. Accordingly, the
resultant NF'T lifetime can be prolonged significantly.

FIG. 1A 1s a plan view illustrating a portion of an EAMR
head 10 including an NFT 12 and a stress buifer 14 according
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to an embodiment of the present invention. FIG. 1B 1s a
cross-sectional view of the EAMR head 10 of FIG. 1A along

the line 1B-1B'. In FIGS. 1A and 1B, only components of the
EAMR head 10 that are relevant to the discussion of the
present mnvention are illustrated. Other components of the
EAMR head 10 that are generally known to a person skilled 1in
the art are omitted for clarity. For example, the cladding
material 1s not shown 1 FIG. 1A for clarity.

Referring to FIGS. 1A and 1B, a portion of a waveguide 1s
shown including a waveguide core 16 located on a first clad-
ding 17 (e.g., a dielectric material), and the NFT 12 1s located
above the waveguide core 16 that couples optical energy from
alight source (e.g., laser) to the NFT 12. A spacer 13 is located
between the NFT 12 and the waveguide core 16. In several
embodiments, the waveguide core 16 includes a matenal such
as Ta,O., and the first cladding 17 includes a material such as

S10,. The EAMR head 10 further includes a second cladding
18 (e.g., a dielectric layer) on the NFT 12 and the first clad-
ding 17, and the NFT 12 1s placed in an opening between the
waveguide core 16 and the second cladding 18. In several
embodiments, the opening (or cavity) 1s formed 1n the second
cladding 18 to create a stress builer 14 between the NFT 12
and a side wall 14a of the opening. In one embodiment, the
NFT 12 1s shaped to have a disc body and a pin extending
from a first portion of the body as shown 1n FIGS. 1A and 1B.
The stress butfer 14 1s located at a second portion, opposite
the first portion, of the body. Here, the stress buffer 14 1s
located at a portion of the NFT 12 facing away from the ABS.
That 1s, a portion of the periphery of the disc body 1s sur-
rounded by an air gap (1.€., stress buller 14) so that a thermal
mechanical stress of the NFT 12 during its thermal expansion
can be reduced by the air gap.

In FIGS. 1A and 1B, the stress buffer 14 has a shape
conforming to a portion ol the periphery of the NFT 12. Inone
embodiment, the stress buffer 14 has the shape of an annular
air gap surrounding a portion of the periphery of the NFT 12.
The stress butier 14 can be formed by various suitable meth-
ods such as angle deposition that 1s generally known to those
skilled 1n the art. The stress butier 14 has a preselected width
(w) corresponding to a dimension of the NFT 12. In several
embodiments, the stress buffer 14 can be set to a preselected
width in consideration of the thickness (t) ofthe NF'T 12. That
1s, the stress butiler 14 has a preselected width so that the width
1s suificient to reduce a stress on the NFT 12 during the
thermal expansion thereof by a preselected amount. The NFT
12 can be constituted of a preselected material such as Au, Au
alloy, or other suitable materials.

In one embodiment, the width of the stress bufter 14 is
about 10 nm, and the thickness of the NFT 12 1s about 50 nm.
In several embodiments, a ratio of the width of the stress
builer 14 to the thickness of the NFT 12 1s about one-fifth.
However, the present invention 1s not limited thereto. To the
contrary, the NF'T 12 and the stress butfer 14 can have other
suitable shapes and sizes according to various embodiments
ol the present 1nvention.

In FIGS. 1A and 1B, the EAMR head 10 has one stress
butiler 14 that1s located at a portion of the NFT 12 facing away
from the ABS. However, the present invention 1s not limited
thereto. In several embodiments, multiple stress buffers can
be used to release the stress on the NFT.

FIG. 2A 1s a plan view illustrating a portion of an EAMR
head 20 including an NFT 22 and multiple stress butlers 24a,
24b, and 24¢ according to an embodiment of the present
invention. FIG. 2B 1s a cross-sectional view illustrating the
EAMR head 20 of FIG. 2A along the line 2B-2B'. Referring
to FIGS. 2A and 2B, a waveguide core 26 1s located on a first
cladding 27 (e.g., a dielectric material), and the NFT 22 1s
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located above the waveguide core 26 that couples optical
energy froma light source (e.g., laser) to the NFT 22. A spacer
23 1s located between the NF'T 22 and the waveguide core 26.
In several embodiments, the waveguide core 26 includes
Ta,O., and the first claddmg 27 includes S10,. The EAMR
head 20 further includes a second cladding 28 (e g.. a dielec-
tric material) on the NF'T 22 and the waveguide core 26, and
the NFT 22 1s located between the waveguide core 26 and the
second cladding 28. In several embodiments, the stress buil-
ers 24a, 24b, and 24c¢ are formed by openings in the second

cladding 28.

InFIGS. 2A and 2B, the stress bullers 24a, 245, and 24¢ are
located at a first portion, a second portion, and a third portion
ofadisc body the NFT 22, respectively. The pin of the NFT 22
extends from a fourth portion of the disc body toward the
ABS. In FIGS. 2A and 2B, the stress bufler 24c¢ 1s located at
a portion of the NFT 22 facing away from the ABS, and the
stress bullers 24a and 245 are respectively located at opposite
portions of the NFT 22 along a line that i1s substantially
parallel to the ABS and substantially bisects the disc body of
the NET 22.

However, the present invention 1s not limited to the above
described embodiments. In several embodiments, the EAMR
head 20 can have multiple stress buffers located at other
preselected locations different from those shown in FIGS. 1A
through 2B. In several embodiments, the stress builers 24 can
respectively border portions of the periphery of the NFT 22
where the NFT 22 will exhibit relatively greater thermal
expansion (1.e., high stress) than that of other portions. High
stress regions or portions of the NFT may be identified using
suitable thermal modeling techniques that are generally
known to those skilled in the art. Thermal expansion or ther-
mal deformation of the NF'T will generally start from the high
stress regions or portions of the NFT. Therefore, the stress
butlers (e.g., air gaps) located adjacent the high stress regions
of the NFT will provide the room to either elastic or plastic
expansion. The suitable width of the stress bulfer 1s deter-
mined mainly by two factors. First, the air gap should provide
suificient room for reversible or wrreversible deformation.
Second, the aspect ratio of the air gap should be kept small
enough to allow the air gap to be formed by a suitable method
such as angled deposition.

FIGS. 3 A through 30 are drawings for illustrating a pro-
cess of fabricating an NFT with a stress butler according to an
embodiment of the present invention. Referring to FIG. 3A, a
waler 100 including a number of preselected layers for form-
ing the NF'T 1s prepared. Each of FIGS. 3A through 30 shows
a cross-sectional view and a top view of the water 100 during
the process. In one embodiment, the water 100 includes a core
layer 102 (e.g., a'Ta,O layer), a first cladding layer 104 (e.g.,
a dielectric material such as a S10, layer) on the core layer
102, a spacer layer 106 (e.g., a Ta,O; layer) on the first
cladding layer 104, an NFT layer 108 (e.g., an Au layer) on
the spacer layer 106, a hard mask layer 110 (e.g., an amor-
phous carbon (AC) hard mask) on the NFT layer 108, a first
mask laver (e.g., a Ta layer) 112 on the hard mask layer 110,
and a second mask layer (e.g., a Crlayer) 114 on the first mask
layer 112. The hard mask layer 110, the first mask layer 112,
and the second mask layer 114 are sub-layers of a composite
hard mask for transferring the desired shape (e.g., pin and
disc) to the NFT layer 108. While not shown 1n FIGS. 3A
through 30, the core layer 102 1s formed on a cladding layer
(e.g., a bottom cladding layer or a dielectric layer) 1n various
embodiments.

A first photoresist 200 having a preselected shape 1is
foamed on the Cr layer 114. In one embodiment, the first
photoresist 200 has a circular cross-sectional area.
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Referring to FIG. 3B, patterning (e.g., etching) 1s per-
formed to remove portions of the Cr layer 114 not covered by
the first photoresist 200 so that the shape of the first photore-
s1st 200 1s transierred to the patterned Cr layer 114. Referring
to FI1G. 3C, the first photoresist 200 has been removed, and a
second photoresist 202 having a preselected shape 1s formed
on a portion of the Ta layer 112 and a portion of the patterned
Cr layer 114. In one embodiment, the second photoresist 202
has arectangular shape corresponding to the pin of the NFT to
be formed 1n the following steps.

Referring to FIG. 3D, patterning 1s performed to remove
portions of the Ta layer 112 that are not protected by the
second photoresist 202 and/or the patterned Cr layer 114.
Therefore, the shape (e.g., disc and pin) of the NFT 1s trans-
terred to the patterned Ta layer 112 using the second photo-
resist 202 and the patterned Cr layer 114 as a mask. Then, the
photoresist 202 1s removed. Referring to FIG. 3E, patterning
1s performed to remove portions of the hard mask layer 110 so
that the shape of the NFT 1s transferred to the hard mask layer
110 using the patterned Cr layer 112 and/or the Cr layer 114
as a mask. After the hard mask layer 110 has been patterned,
the patterned Cr layer 114 1s removed.

Referring to FIG. 3F, patterning 1s performed to remove
portions of the NFT layer 108 and the spacer layer 106 using,
the patterned hard mask 110 so that the shape of the patterned
hard mask 110 1s transferred to the NF'T layer 108 to realize
the desired NFT shape. Then, 1on milling (e.g., Armilling) or
other suitable methods can be used to finalize the formation of
the NFT. Here, the patterned hard mark 110 still remains on
the finished NFT 108. Referring to FIG. 3G, a second spacer
layer 116 (e.g., alayer of Al,O;)1s deposited to cover the hard
mask 110, the NFT 108, the spacer layer 106, and the clad-
ding layer 104. The second spacer layer 116 has horizontal
portions 1164 and a vertical portion 1165. In one embodi-
ment, the second spacer layer 116 1s deposited by atomic
layer deposition (ALD). However, the present invention 1s not
limited thereto. Other suitable methods and materials can be
used to form the second spacer layer 116 1n various embodi-
ments. A thickness of the second spacer layer 116 corre-
sponds to the thickness of the stress bulifer to be formed 1n the
tollowing steps. In one embodiment, the second spacer layer
116 has a thickness of about 10 nm.

Referring to FIG. 3H, vertical milling 1s performed to
remove the horizontal portions 116a of the second spacer
layer 116. The vertical portion 1165 of the second spacer
layer 116 1s not significantly affected by the vertical milling
and remains covering the side surfaces of the hard mask 110,
the NFT 108, and the first spacer layer 106. Referring to FIG.
31, a dielectric layer 118 i1s deposited (e.g., by a backfill
method) to cover the hard mask 110, the second spacer layer
116, the NFT 108, the spacer layer 106, and the cladding layer
104. The top surface 118a of the formed dielectric layer 118
1s higher than the top surface 108a of the NFT 108. In one
embodiment, the dielectric layer 118 1s a S10, layer having a
thickness of about 70 nm.

Referring to FIG. 3], a top portion of the dielectric layer
118 has been removed, for example, by chemical mechanical
polishing (CMP), to expose the hard mask 110. In addition,
another hard mask 120 1s patterned and has an opening 120a
with a preselected shape to expose the NFT 108 therein. The
opening 120q 1s si1zed to be larger than the combined size of
the NFT 108 and the second spacer layer 116 by a preselected
distance (d) so that the NFT 108 (still covered by the hard
mask 110) and the second spacer layer 116 are exposed.
Referring to FIG. 3K, the second spacer layer 116 1s removed
to expose an air gap 122 between the NFT 108 and the
dielectric layer 118. In one embodiment, a photoresist devel-
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6

oper (e.g., 0.26N TMAH) 1s used to remove the second spacer
layer 116. Accordingly, the exposed air gap 122 has a width
substantially equal to the thickness of the removed second

spacer layer 116, and the air gap 122 surrounds the periphery
of the NFT 108.

Referring to FIG. 3L, a third photoresist 124 1s patterned to
define an edge across the air gap 122. In one embodiment, the
third photoresist 124 has a substantially straight edge (E) and
covers a portion of the air gap 122. In one embodiment, the
third photoresist 124 has a thickness of about 220 nm, and a
distance (X) between the edge (E) of the third photoresist 124
and the joint point of the disc and pin of the NFT 1s about 3
sigma of disc overlay (e.g., 25 nm). Referring to FIG. 3M, the
exposed portion of the air gap 122 not covered by the third
photoresist 124 1s cleaned, for example, using O, plasma.
Then, a dielectric layer 126 1s deposited so that the cleaned
portion of the air gap 122 1s filled or covered with the dielec-
tric layer 126. In one embodiment, the dielectric layer 126 1s
formed by depositing a layer of S10, by chemical vapor
condensation deposition.

Referring to FI1G. 3N, the dielectric layer 126 and the third
photoresist 124 are removed to expose the hard masks 110
and 120. In one embodiment, side-mill assisted liftoft fol-
lowed by CMP can be used to remove the third photoresist
124 and the dielectric layer 126 so that the hard masks 110
and 120 and the unfilled portion of the air gap 122 are
exposed. The unfilled portion of the air gap 122 1s protected
by the third photoresist 124 so that the unfilled portion of the
air gap 122 1s not filled with the dielectric layer 126. Referring
to FIG. 30, the hard masks 110 and 120 are removed, and a
dielectric layer 128 1s deposited to seal the air gap 122
between the NFT 108 and the dielectric layer 118. The sealed
air gap 122 provides an effective stress buller bordering a
portion of the periphery of the NF'T 108. Because the air gap
122 has a high aspect ratio (e.g., 1:5), the dielectric layer 128
deposited on top of the air gap 122 will not substantially
penetrate the air gap 122. According to the above described
process 1n reference to FIGS. 3A through 30, a stress buiier
having an annular shape can be formed to surround a portion
of the periphery of the NFT so that a thermal expansion stress
on the NFT can be reduced during the thermal expansion of
the NFT. Therelore, the pin of the NFT can be prevented from
protruding to the ABS surface, and the lifespan of an EAMR
head incorporating the stress bufier for the NFT may be
extended.

FI1G. 4 15 a flowchart illustrating a method of fabricating an
NFE'T with a stress butler for an EAMR head according to an
embodiment of the present invention. Referring to FIG. 4, the
method includes a number of processes. In step S1, a first
cladding (e.g., a bottom cladding) 1s formed. In step S2, a
waveguide core 1s formed on the first cladding. In step S3, a
spacer 1s Tormed on the waveguide core. The spacer 1s posi-
tioned between the NFT and the waveguide core to protect the
waveguide core when the NFT 1s processed to 1ts desired
shape. In step S4, a near field transducer (NFT) 1s formed on
the spacer. In step S5, a second cladding (e.g., a top cladding)
1s formed on the waveguide core. The second cladding has an
opening, and the NF'T 1s positioned within the opening. In
step S6, an air gap 1s formed positioned between the NFT and
a side wall of the opening.

In the above described embodiments, the process or
method can perform the sequence of actions in a different
order. In another embodiment, the process or method can skip
one or more of the actions. In other embodiments, one or more
of the actions are performed simultaneously or concurrently.
In some embodiments, additional actions can be performed.
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While the present invention has been particularly shown
and described with reference to various embodiments, 1t will
be understood by those of ordinary skill in the art that various
changes 1n form and details may be made therein without
departing from the spirit and scope of the present invention as
defined by the following claims and their equivalents.

What 1s claimed 1s:

1. An energy assisted magnetic recording (EAMR) head
comprising;

a waveguide;

a near-field transducer (NF'T) configured to recerve optical

energy from the waveguide;

a cladding of the waveguide having an opening, wherein

the NFT 1s positioned within the opening; and

an air gap positioned between the NFT and a side wall of

the opening.

2. The EAMR head of claim 1, wherein the cladding com-
prises a dielectric layer.

3. The EAMR head of claim 1, wherein the NFT comprises
a body and a pin extending from a first portion of the body,
and the air gap 1s located at a second portion, opposite the first
portion, of the body.

4. The EAMR head of claim 1, wherein the air gap extends
around a portion of a periphery of the NFT.

5. The EAMR head of claim 1, wherein the air gap has a
shape conforming to a portion of a periphery of the NFT.

6. The EAMR head of claim 1, wherein the air gap has a
width corresponding to a dimension of the NFT.

7. The EAMR head of claim 6, wherein a ratio of the width
of the air gap to a thickness of the NFT 1s about one-fifth.

8. The EAMR head of claim 6, wherein the width of the air
gap 1s about 10 nm.

9. The EAMR head of claim 1, wherein the air gap has a
preselected width suificient to reduce a stress on the NFT
during a thermal expansion thereof by a preselected amount.

10. The EAMR head of claim 1, wherein the air gap 1s
located at a portion of the NFT facing away from an air
bearing surface.

11. The EAMR head of claim 1, wherein the air gap com-
prises a plurality of air gaps respectively bordering different
portions of a periphery of the NFT.

12. The EAMR head of claim 11, wherein the plurality of

air gaps respectively correspond 1n position to preselected
thermal expansion portions of the NFT.
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13. The EAMR head of claim 11, wherein the plurality of 4

alr gaps Comprise:

a first air gap located at a first portion of the NFT facing

away from an air bearing surface (ABS); and

a second air gap and a third air gap respectively located at

opposite portions o the NF'T along a line that 1s substan-
tially parallel to the ABS and substantially bisects a
portion of the NFT.

14. The EAMR head of claim 1, wherein the waveguide
comprises a waveguide core and the cladding comprising a
first cladding and a second cladding, the waveguide core
being positioned between the first cladding and the second
cladding.

15. A method of fabricating an energy assisted magnetic
recording (EAMR) head, the method comprising:

forming a first cladding;

forming a waveguide core on the first cladding;
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forming a spacer on the waveguide core;

forming a near field transducer (NFT) on the spacer;

forming a second cladding on the waveguide core, the
second cladding having an opening, wherein the NEFT 1s
positioned within the opening; and

forming an air gap positioned between the NF'T and a side

wall of the opening.

16. The method of claim 15, wherein the air gap extends
around a portion of a periphery of the NFT.

17. The method of claim 15, wherein the air gap has a shape
conforming to a portion of a periphery of the NFT.

18. The method of claim 135, wherein the air gap has a width
corresponding to a dimension of the NFT.

19. The method of claim 18, wherein a ratio of the width of
the air gap to a thickness of the NFT 1s about one-fifth.

20. The method of claim 18, wherein the width of the air
gap 1s about 10 nm.

21. The method of claim 15, wherein the air gap has a
preselected width to reduce a stress on the NFT during a
thermal expansion thereof by a preselected amount.

22. The method of claim 15, wherein the air gap 1s located
at a portion of the NFT facing away from an air bearing
surface.

23. The method of claim 15, wherein the forming the air
gap comprises forming a plurality of air gaps respectively
bordering different portions of a periphery of the NFT.

24. The method of claim 23, wherein the NFT has multiple
poles, and the plurality of air gaps correspond 1n position to
the multiple poles, respectively.

25. The method of claim 23, wherein the plurality of air
gaps COmprise:

a first air gap located at a first portion of the NFT facing

away from an air bearing surface (ABS); and

a second air gap and a third air gap respectively located at

opposite portions of the NFT along a line that 1s substan-
tially parallel to the ABS and substantially bisects a
portion of the NFT.
26. The method of claim 15, wherein the forming the air
gap COMprises:
forming a spacer layer on the NF'T, the spacer layer having
a thickness substantially equal to a width of the air gap;

forming a first dielectric layer, the spacer layer positioned
between the first dielectric layer and the NF'T, and oppo-
site sides of the spacer layer respectively abutting the
dielectric layer and the NFT; and

etching away the spacer layer to expose the air gap.

27. The method of claim 26, wherein the spacer layer
comprises Al,O;.

28. The method of claim 26, wherein the forming the
spacer layer comprises depositing the spacer layer by atomic
layer deposition.

29. The method of claim 26, further comprising forming a
photoresist on a portion of the air gap.

30. The method of claim 29, further comprising:

forming a second dielectric layer on another portion of the

air gap not covered by the photoresist; and

removing the photoresist.

31. The method of claim 15, further comprising adjusting a

width of the air gap during a process of fabricating another
one of the EAMR head.
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